First-principles total-energy and electronic-structure calculations for Si"Ge"superlattices grown epitaxially on an (001) Si substrate reveal a nearly direct band gap despite the pronounced indirectness of its constituents. Whereas the lowest conduction-band wave function extends over both Si and Ge sublattices, the (higher energy) lowest direct state shows strong confinement to Si states. We predict that a substrate with a larger lattice constant than Si will produce a nearly direct band-gap superlattice (indirect only by 0.01 eV). We find that cubic Ge at as; has an indirect gap via X,, and not L, [ Fig. 1(b) ]. Second, turning to tetragonal deformation effects, total-energy minimizations for Ge and Si"Ge" lattice-matched to (001) show a 6% increase in c/a for Ge, and a 3% increase for Si"Ge" for n =1, 2, 4, and 6. This biaxial compressive strain (along the [001] 4547
versus Fig. 1(a) ]. The objective of making the system more direct is, hence, not met by epitaxial effects alone.
Alloying sects. Further manipulation of the electronic structure of the Si-Ge system has been sought through epitaxial alloying. ' We model this system by a virtual crystal calculation for Si056e05 matched epitaxially to aG, . The resulting energy levels [ Fig. 1(d) ] are close to the average of Si [ Fig. 1(e) ] and compressed, tetragonally distorted Ge [ Fig. 1(c) ]. Like Si, the strained 50%-50% alloy has its conduction-band minimum at A' [ Fig. 1(d) 
